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Demonstrating current measurement by the diamond quantum sensor
using an air-gapped magnetic core
B, EIX? BBf® Of# Ff'2 R X2 KBTHE2 X8 BE'
gk \Wx', RA BE' LA EF' BFHETE &F BA FB Ezd HNFAE RS
e R RB3H BT A £2°
AIST!, Tokyo Tech.?2, QST? “Hidekaizu Muramatsu® 2, Yuta Kainuma?, Yuji Hatano?,
Yasutaka Amagai', Hiromitsu Kato', Norihiko Sakamono!, Tatsuji Yamada', Chiharu Urano!,
Nobu-Hisa Kaneko', Hiroshi Abe?, Shinobu Onoda?, Takeshi Ohshima3, Mutsuko Hatano?,
and Takayuki Iwasaki?

E-mail: muramatsu.h@aist.go.jp

BRI, BMER 2 T IB & ST b — OB & "B Z AL 2 B 2 7 I AR
TOHMHRAFTOIH L, BTN a7 HICERE TR GREMR) 2E8ndt ks Lo+ 52
& CEIRLZ BN ORET D Z LN TE DREEFIKS Th 5, B Z SREICRETS S
I, BB A BEEICRNT 20 ERH Y | MEROER G CIXEMAEBIS 25
L7ZBIERA WO TE T, Lo L, MHEER CILEBSRERE %15 5 72 DIZ B O BRI
ETHY . FIREMICERERLORENMTZ R, LWV BBEA R TV D,

Z 2T, AR CII=RIR CEBE R oL
L CHIHATRER & A Y& RET & o 2 B
wORLECH WD Z LT, EIRFHI O EE AL &
IR b E BFE L CW5, Fig. 1 X/ A4 X717 )
100 pT/VHZA FTHHE B~y R[1]Z=7 X+
v FNTFELE L, 53 Hz OB &2 BT L THD
Nz ) A XA ML Th D, —IRE ZIROBRRIL
ZREND T SIS S B RO ORI ST . T
HENTEINTEY, FTHIHLAESTEHZOKRET 10 Frequency (H2) 100
LEY AR E LCEHIL72, 55472/ 4 X Fig. 1 The signal of residual magnetic flux
A7 Fv (Fig.1) b, XA YELY RE U generated by a 53 Hz current detected by the
WCE VR ERE LTS Z 2R LT, diamond quantum sensor.

[1] MBS 5 71 BUS B E2R T AN TR 4R, 24p-1BB-3 (2024).

BEE . AR L, XEHBFEE BRI v vy ST v T A(Q-LEAP)
JPMXS0118067395, PIRIF  SIP [ FeiEpy & 7Bty Htlk Dt~ DS EEE | O3 25215 T
IThivE LT,
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Using the standard deviation for robust quantum sensing
Kyoto Univ.!, UC Berkeley’, LBNL?, QUP/KEK*, IPNS°, JAXA/ISAS®, Kavli IPMU/WPI’,
SOKENDAI®, Tohoku Univ.”, CSRN'?
OErnst David Herbschleb!, So Chigusa®?, Riku Kawase', Hiroyuki Kawashima',
Masashi Hazumi*>%’-3, Kazunori Nakayama®*, Norikazu Mizuochi'-'%#
E-mail: herbschleb @dia.kuicr.kyoto-u.ac.jp

Various periodic signals can be detected with different techniques, for example low-frequency signals
[1] or high-frequency signals [2]. However, when there are facets of randomness about the signal, e.g. a
changing phase, such methods become less sensitive, as long measurements average the signal to zero.
Here, we propose and analyse a robust technique to detect the amplitude of these signals.

In our method, instead of measuring the amplitude of a signal directly as in conventional methods, we
measure the standard deviation, which is a different global property. Phase and frequency changes do not
affect the result, and it is possible to account for amplitude distributions. For a high signal-to-noise ratio
(SNR), this method has the same sensitivity as conventional techniques [1]. However, as opposed to our
method, conventional techniques are not robust against the mentioned instabilities. For a low SNR, the
behaviour is quite different, resulting in a worse sensitivity. These regimes are both analytically analysed,
and numerically simulated for various parameters. Finally, we perform an example measurement with a
single nitrogen-vacancy centre (see Figure 1).

We expect that our method is useful for the detection of light dark matter [3], and for mineral search
under harsh conditions. For the dark photon and axion candidates, the dark matter field is effectively a
periodic magnetic field with a limited coherence time when measured with nitrogen-vacancy centres [3].
Given the rather small signals to detect due to the small coupling to dark matter, long measurement times
are a necessity, thus making the proposed method ideal for this kind of experiment.
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Figure 1: Measurement of an ac signal with random phase jumps (data with black circles). The blue

dashed line is a guide-to-the-eye.

[11 E.D. Herbschleb et al., Low-frequency quantum sensing, Physical Review Applied 18, 034058 (2022).

[2] G. Wang et al., Sensing of arbitrary-frequency fields using a quantum mixer, Physical Review X 12, 021061
(2022).

[3] S. Chigusa et al., Light dark matter search with nitrogen-vacancy centers in diamonds, arXiv:2302.12756
(2023).
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ZAYEy FROH—22H e Z—00bDRE—XFLER

Generation of Nearly Identical Photons from Lead-Vacancy Centers in Diamond
BRIK', NIMS?, QST® OI&BtRAER!, iE H§' &OM?2 NMEFEZR® RSHETF'

BlEz’
Tokyo tech !, NIMS 2, QST ? °R. Abe!, P. Wang!, T. Taniguchi?, S. Onoda?, M. Hatano!, T.
Iwasakil,
E-mail: abe.r.ag@m.titech.ac.jp

ZAYEY RPOH—ZEFLPOV)E ¥ —IZEDENTNF - A UFEENLET R Y b
U—7HD ) — e LTHIRSNTWD[L, 2], B 2 R CE b 2NE KT 575
7o OIZIFHEELD POV b it S 4056 KB I REZe [Rl— 7 &2 Wiz 2 e+ a2 8l %
VENDH D, LrL, B ER XORIERE 212 Ao 5 - DIZiden i —5a
B LONEOERMEEEN AR THLH, AR TIE, B 7 =—/MMBETER LT
PbV DAY —3 ik L OVEMLZEM 2~ D PoV I BR—F 28I 5 2 LISk
L7,

Ma(00 1) Ak §h & A ¥ RIEERIZEA A4 % 12 MeV THA., 2100 ‘CE7-1% 2300 C
DEREET =— /L& fjid Z & T2 MED PoV ikt 2B L7z, Vo T WE o T4 4 A%
v FTOKIZHA L, WEAZEL—WF—% HCHIBREFHI 21T > 72,

PLE JIZE & i > 70 & & R¥— 3401340 15GHz Tho 7= DTkt L, BAILZEMICE
WTHE BN RGN, Fig 113RR 57 =— VREO 2 FEOY 7 iz T, #
—/7 > b THDPbV NS 4 um BEN AL EICIEIE CTH D 532 nm L —V—% 5 RO
U7ZBEIZ PLE A7 MVERIET D THEZ 10 [l 0 K U7 BICRENTE R T DR 2R
LT3, 2300 C7 =—/LikBlTlE, 532nmm L —P— U —% FRXETH, AN
& & LRIBRDERAESE B0%LLT) THHDIZXF L, 2100 CT7 =—/LikEH Tl 75 W %
25 EWHEMERNDEL 2D 150 pW DL E TN —E LBl SN/ o T2, T,
2100 C7 =— LB CHEAT L T RMEDND 532 nm b —HF —fhit |2 L - Tt S vz %
¥ U7 % PbV 3T 5 2 & THRIREEICER L T\ 5 —J5, 2300 CT =— /LBt ClEz o
REGDERRPIE SN TWDT2DTH D EZE X b, Fig 2(a, b)iE 2300 ‘CH o 7 il
T D b I X B SRS B3 LUV D PLE AXY ML TH D, PLE AT K
JLINER D E->TEY ., FER 2T 2D PoV MO TE TWAH Z ERbh 5,
AFEFRIT, POV B Z —ZHW 2 KT T OBINCER 2R TH S,

AL ISPS BHF#E JP22H04962, SUHEN A Q-LEAP 77 » 7L v 777 F A (No.
JPMXS0118067395), JST L—> 3 = v MUMFIERHZE FZEIPMIMS2062) DB K U 1Tt
77
[1] P. Wang et al., ACS Photonics 8, 2947 (2021).

[2] P. Wang et al., Phys. Rev. Lett. 132, 073601 (2024)
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BBWT/ FAVYEY FRD SnV P DHEFLARY FILAIE
Photoluminescence Spectrum of SnV Center in Detonation Nanodiamond
HEALEH', EFHEE?.L BRFIEL: ERXXE V42— MDKE XM, 3 B8
R ER' %F A8° 8BHF BHE’ @) EE KE BN
ICR, Kyoto Univ. !, QST Daicel Corp.>, CSRN, Kyoto Univ.* °M. Ohori', F. T. K. So'?, M. Fujiwara',
Y. Makino®, A. Tsurui®, M. Nishikawa®, and N. Mizuochi'*

E-mail: ohori.masanao.27s@st.kyoto-u.ac.jp
[EFE] ahLzate) /A4 YT F (ND) 1%, Mo REHCEH T& 28 /et 7 m
—T7ThoD, BboraHLORT, v aZEil (SiV) FLICREIND IV EEH LT, EiR
THHNERr T+ Ut (ZPL) 2Rl IV IERFAIIS L CE =V HENRRR DD, VT T
T—AA=V T HOEN T r—7 L LTHHATE S, AT, =27 EEMRETE{LT 57
D OETHRHARERIREE P E LTHERISND, 2O X 5 efafla 5T ND 2 N Ok <
TRNERENCB AT ZITIE, /NRIRD DO KED ND BN EZ0, BIHAZ IS O5M 203 #
NEARETHD, ZNETSIVHL, Fr~= A28 (GeV) TLEETEE), ) ¥4 YT
> F (DND) O& ki #Hes Sl DND & HW IR RGE I G @i S =B, 2o, 2 X-
725l (SnV) HulZETe DND OG bl Doy, A RXF IR EEREARE < B IAHLL)
KOS D6 ERCIT Z OFEDNHERR SN2 o 72, DND O SnV bz o5 2 L id, #
B> DND w7 v —7 O FITINA T, 1BFRIEIZLD2EHTLERD A=A L~OFRIZHEH
BCTHD, AW TIE, 72 FEFENBBRVEHC X 2 REAMPFRE L | mOBERE LR oA
BAPREEIZ & 0 L DND 1 SnV FLD B DFEIE AT MV ORIEICKII LD T, ZRE®Ed 5,
[28R - F5R] XA BAAEEGD Sn K —7 DND(RIFE ~ :
10 nm)!M % ZURES TYEE% (HNOs: HaSO4 = 1:3, 130°C, 72
REFED, 1 mg/mL RER A AT A R A EIZ 10 ug i
T HERERAT Lz, Z OBt OR G K O A A~
RV BEO SRR S BAMEE TR LTz, FOCHHGHIE O

BiZiX SnV HL D ZPL B — 7 K 620 nm % H0MT £ 10

m O RRAT (S EBNT SaV PLarboRg 0 000 60 T0 T80 00 0
AR TS A < BESR L, RIS Bkt B1Sn R—T DND OFEXRRINL
LCRIEARY bVERE LTz, (REBIZR 1 IRT, R 600850 nm (24 F-Z2ALNV) .0 H
kDT a—RigT7+ ) oA RN RBFEL, Z£DOHIZ SnV H.00 ZPL ToH 5 620 nm D B —
7 el Lz, J83& CIXEOFEAM & DND H SnV L OR KT 2 BL A BN T 5,

[#EF] AHFZEIL MEXT Q-LEAP (No. JPMXS0120330644)D X fE&# TEWCTirbE Lz, & ZICE
EEHBL £,

[Z75 (k] [1] Makino, Y. et al. Diam. Relat. Mater. 130, 109493 (2022) [2] Fujiwara, M. et al. Carbon
198, 57-62 (2022). [3] Fujiwara, M. et al. Appl. Phys. Lett. 123, 181903 (2023). [4] Terada, D. et al.
Nanoscale Adv. 4, 2268 (2022)
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FANVED FFOM-EFA U F—DIEHREB L —FI(Z L HERIREBRE
Charge state transition of lead-vacancy centers in diamond by non-resonant laser irradiation
BRIK', NIMS?2, QST® OBz !, RISERAER', &0 2 MEFARZA3 KSEFETF
=1 v
Tokyo Tech !, NIMS 2, QST?3, €Y. Chen, R. Abe !, T. Taniguchi?2, S. Onoda?, M. Hatano !,
T. Iwasaki !
E-mail: chen.y.be@m.titech.ac.jp

FAYEY RHPO IV K-l ¥ —IXLE LR LGB T+ ) U E R T oIl E
THERBEISH COREBE TR E L THIfRFEN TS, TOHTH -2 (PbV) B2 ¥ —idk
HLREBRIEREDHEZFT 5720, FCHEERESRMETIVENAY ab — L v 2R A
FECE B[], Ber Tz TITHBEIEE 2 FV T PbV & v % — D H ARG IS8 O HIE 12 AT
LTCWB A, LB R HRE~ER T 5 2 & CHRAEDHA T IHLLBIE L TV 5 (2], FHik
SOk L — Y IRE T PbV OFGITMEIE S 2 23[2], EROIREEER IZIEILG L —F O RIS
HEEZLND, FEBEL AX—22f ¥ — (SnV) TiE, ALY LHF AL —F R ERFRLY
WZRE &L 2 E0Nbno TV D [3], AFFETIER 2 D EDOI LB L —F % PbV & ¥ —IZHR
52 LT, BREBICREREELGZHZ AL,

a B o Bk b 2 A Y 2 F001)IZ 12 MeV DOANEEEEE T Pb A A4 > Z{EA L, 2100—2300°C/7.7
GPa DEEEET =— V& ffidZ & TPV B X —% Bk Lz, REHIZ T4 4 A X v FTS5K
FTHAEI LIz, WEAEL—FEHWSD Z & TAEM POV &2 ¥ — ORI 217\, FEHLEHE)
EITIERE 532 nm (20 pW) F7201F 445 nm (10 pW) O L—FZHW\ 2, b —3 OB HFR % 1l
9 5722 445nm b — W3 L — PRIKEER O SR 2 A i L —H & 532 L— Y OZGHH
21X AOM % FV 7=,

Fig. 112 532nm L — W RREEOEER PbV & o ¥ —DIEEHRE O 2k %2~ PbV & ¥
—ZRRRBBIC L7 (k95 X 912 445nm L — Y RENC X 232 FH) . 2ms M 532nm L
— &R LT o Bk CEAREBA G T 5 VA — 7 2 X% 15 [V IR LTz, 532
nm U —% & B3 213 BRI X 2H0E03 N LT v | 532 nm L— X PbV ZHLIREEIC
[ ST 5, Fig.2 Ofk7 1 > b3kl Z LI L — PR ORI L2 D TH Y, 7 4
T 4T MBREIEE L — & LT 84Hz B3 FbiLiz, WIT, G —H % 445nm (2 L7
WAL= AMBE L, #ERERLIEONFig 2 DEFE 70y S THD, 532nmm L— & 3xf
B, 445nm L—Y 2 MBE51F EAEM POV D OFREND LTNDZ ERbnd, MK
L—RE 293 Hz THY, 532 nm L—F LD 50— U — 2L b LT @m0 L— RS
NTme AFERIT, FELB L —PII POV B X —DORNAZAE ST L7 TR, BREICE->TiE
EHERREICER ST 2L AR LTS, HAL—F CHEEMEESE S SnV B ¥ —[2]& 1%
B R DEHTHY | POV & X —OEMIREFRHIC L > TEHELRHML L 2D 6D TH D,

AMFFEIT ISPS B #E JP22H04962, SCHIELFE Q-LEAP 77 v 7L v 77w 77 A (No.
JPMXS0118067395), JST A— v = v MUMFZERAFEFHE JPMIMS2062) OB A 32T 726 DT
b,

[1] P. Wang et al., ACS Photonics 8, 10, 2947-2954 2021.[2] P. Wang et al., Phys. Rev. Lett. 132, 073601
2024 [3] J. Gorlitz et al., npj Quantum Information, 8, 45, 2022.
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Fig. 1 Recovery of fluorescence of PbV upon Fig. 2 Decay rates of recovery and termination

532 nm laser irradiation. of fluorescence of PbV.
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Coherent Population Trapping of a Lead-Vacancy Center in Diamond
IR L, NIMS? Cits AR 1, BRi&R 1, 7208 1, FIERIORER L, O 2, XS FFlET 1, BlfE L !
Tokyo Tech. !, NIMS.?, °K. Ikeda!, Y. Chen !, P. Wang?, R. Abe!, T. Taniguchi?, M. Hatano?,
T. lwasaki
E-mail: ikeda.k.bp@m.titech.ac.jp

ZAXYEL RO WV HEHT =2 =3, BAEPER T+ ) URUTEP L TEY, SN A
Rz L TRV EZ RS Z &b, & F Ry NI =7 ~DJSHAPHfFFENTWD, ZOHFTH
Fh—2E L (POV)E v X —1X, IV BN T —k ¥ —DOHTHREREESRENIL L . o IV ED
T =L HRTIYVEWRE T TORWAE Y at — L XHIAELND Z LA THRIS
NTVWD[L], HAITZAETIZ POV £ Z — 0O BRIEIZIEWIE N [2]3 L VR B iRk
(T) OHEER]ZHRE L TWDA, BEFREOREFEDOTZDIZIZIAE D ak — L v MREBAMD
VETHD, AFETIE, at—Lbr MREBOBIRITGEE L Tae—Lb oy PR L —v g b
F v B 7 (CPT)ZATVY, POV THIO TAE Dok —L v MREEOBIRNIZ L) L=,

lla (001) HifGaL 4 A Y€ FEMKRIZE A A Z1EA L, 2100°C, 7.7 GPa O 7 =— )LALP 24T
SlEiE e PV B X —H AN EFERH L, 2OV T REICK L CEREICKY &
FmL., o7 115 K I HE Lz, HBL—3 (300 nW) ZERIEFLHE (EOM) (ZiE
LT PbV IS L7z,

Fig. 1IRT 3N TD A AF—LZHWDH Z & TCPTHIEEIT-T-, HIBL—P 22
REER LT 27200 RFHE L, EOM T a—7 0% 2+ 5 2 & TRV
SHAER 2[RRI b S 7-, Fig. 2127 v — 73D detuning (A) (ZxF3 5 PbV &> # —D %N
REOEERT, B =7 ORRAHTICHEIERENBL TR/ E28M L-, Zhix, 51—
W TA=08L75Z L2k - THERRED 2 Y B RIBFICEENE Z Y, b —L > R
HRAEDEREIZN T v 7 END 2L TRAEDKONDIBENPBH TETNDLZEERL TS,
KREEIL POV B X —lcBWTHIHTat—Ly MREZBR L0 THY . 5%, A
T4 72—V B LAY o — L AR ORISR DO TH D,

AMFZEIL ISPS B E IP22H04962, SUESEL A Q-LEAP 75 v /vy 77w 7T I (No.
JPMX0118067395) DIk A2 T T2 b D TH 5.

[1] P. Wang, et al., ACS Photonics 8, 2947, 2021. [2] P. Wang, et al., Phys. Rev. Lett. 132, 073601, 2024.
[3] K¥—HE. 2 84 [alii B P FKZ Al 2. 22p-A601-17. 2023.
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BRIETA R AV BAFBREBREEDOERNEN
Quantitatively charge-state-stability analysis of silicon vacancies in SiC
QST', EHhHt? Quemix®, XY HiLX® Ol #—' BHE BN W HE?
HE -4kl K—H B SE' BE#a S, B BEX &S #F7°°
0T - B F-LwFE R, KB R
QST!, CRIEPI%, Quemix Inc.3, Univ. of Tokyo*, Tohoku Univ.5, QY. Yamazaki', R. Akashi',
M. Hanawa?, K. Murata?, S.-I. Sato', N. Miyawaki!, S. Entani', Y. Masuyama', Yusuke Nishiya>*,
Y. Matsushita'>*, H. Tsuchida?, M. Kohda'’, T. Ohshima'*®
E-mail: yamazaki.yuichi@qst.go.jp
[#F7EH =
FRAL S A FR(SIC) T DY 2 22 f(Vsi) Z MR S D ITIEATERE A A D 1 li(Vs)IZ T D L

B DH[]), Bx OMFERIETH 5 SiC-Vs BT IC LD SiIC /ST —F 3 2 NEREHEILRIC
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